As female athletic participation has increased, the positive effects of exercise on health have become evident. However, with this growth in sports activity, a set of health problems unique to the female athlete has emerged. The female athlete triad and its components can occur in females of all ages in every sport. The Female Athlete Triad poses serious health risks, both short and long term, to the overall well-being of affected individuals. Sustained low energy availability can impair health, causing many medical complications within the skeletal, endocrine, cardiovascular, reproductive, and central nervous systems. With the surge of females participating in athletics within the past 10 to 15 years, it is both conceivable and likely that the prevalence of this syndrome will continue to grow. Therefore, it is imperative that appropriate screening and diagnostic measures are enacted by a multidisciplinary team of health care providers, counselors, teachers, and dieticians in order to provide the proper care to affected athletes. Initial awareness should take place within the educational confines of elementary and high schools. Screening for female athletes exhibiting risk factors for the triad should also take place at the time of sports physicals. If one component of the triad is identified, the clinician should take the time to effectively workup the other. Treatment for each component of the triad includes both pharmacological and nonpharmacological measures, with emphasis placed upon increased energy availability and overall improved nutritional health. Using this all-encompassing type of approach, sports medicine practitioners should feel empowered to continue to promote the lifelong well-being of female athletes in the years to come.
Along with the notable health benefits of exercise, unique physiologic and behavioral responses of women to athletic activity are now known. 1 Increasing numbers of female athletes with eating disorders, amenorrhea, or nontraumatic stress fractures were reported for several years after enactment of Title IX, but it was not until 1997 that these conditions were first described as being interrelated and the term female athlete triad was coined by the American College of Sports Medicine (ACSM). 2 Although the estimated prevalence of the triad is low, individual components of the female athlete triad are common in athletes at all competitive levels and ages. 3 The triad is best understood as a continuum ranging from health to disease of each disorder: energy availability, menstrual function, and bone mineral density. Therefore, an athlete's condition can fall anywhere along the spectrum of optimal energy availability to an eating disorder; menstrual regularity to subclinical menstrual disorders, orthorexia, or athletic amenorrhea; and low bone mineral density (BMD) to frank osteoporosis ( Fig. 1 ). 4 Energy availability is often considered an imbalance between energy intake, which is the total caloric intake of a person per day, and energy expenditure, which includes both the resting energy expenditure (REE) and the exercise energy expenditure (EEE). Energy availability is best 
ETIOLOGY
It has been theorized that the root of this syndrome begins with low energy availability. 6 The female athlete, seeking an improved body image to enhance athletic prowess, begins to restrict caloric intake. This restrictive dieting behavior then progresses, eventually predisposing the athlete to menstrual irregularity and decreased BMD. 7 Often, energy availability fluctuates daily, with direct and/or indirect effects on menstrual function and BMD that are realized months to years later. 8 The 
THE TRIAD LOW ENERGY AVAILABILITY
Energy restriction is common in female athletes, ranging from an inadvertent decrease in energy intake or failure to increase caloric consumption for exercise to pathologic restrictive behaviors in the context of eating disorders. Ways in which energy intake is decreased involve purging, fasting, use of diet pills, laxatives, and diuretics. Determining the prevalence of disordered eating in athletes is challenging because of the lack of standardized assessment tools and consistent criteria. 21 Female athletes can consume 30% less energy per unit of body weight than male athletes, particularly in lean sports. 1, 22 The prevalence of disordered eating ranges from 1% to 62% in female athletes depending on type of sport, with higher rates in sports reliant on weight categories or lean build. 21 The prevalence of eating disorders such as AN or bulimia nervosa in elite athletes is higher than in nonathletes (13.5% vs 3.1%) 23 and even higher in lean and aesthetic sports. 24, 25 Research suggests that there is ideally no single cause regarding the development of eating disorders among athletes. Instead, its presence is most likely multi-factorial, with various environmental, physiological, and cultural components. The ideal that the intense pressure associated with various athletic activities may incite the development of an eating disorder in athletes who are psychologically vulnerable is a continued topic of conversation. 26 
MENSTRUAL DYSFUNCTION
From delaying the onset of menarche 27 to causing subclinical menstrual disorders, oligomenorrhea, and amenorrhea, 28 exercise can impact menstrual function in several ways. Oligomenorrhea is defined as menstrual cycles occurring at intervals longer than 35 days, and secondary amenorrhea is defined as the absence of menstrual cycles for more than 3 months in a previously menstruating individual. 29 These disorders occur in 12% to 79% of female athletes and are even more prevalent in participants in lean sports such as ballet. 30 Diagnosing menstrual irregularities in adolescents is challenging because oligomenorrhea is present in 65% of girls during the first year after menarche. 30 Primary amenorrhea refers to lack of menstruation by age 15 years 31 and does affect athletes. 32 In a study of 425 collegiate athletes in 15 sports, 7.4% overall and 22.2% in aesthetic sports (cheerleading, diving, and gymnastics) had not menstruated by age 16 years, 33 as opposed to 1% in the general population. 34 Regardless of type of sport, up to a quarter of active women, including recreational exercisers, experience menstrual dysfunction. 35 In runners, training duration correlates with menstrual dysfunction, with amenorrhea increasing from 3% to 60% as training mileage increases from less than 8
to more than 70 miles per week. 4, 36 As often the initiating factor of the triad, low energy availability induces a hypometabolic state. Strenuous training alone has not been shown to alter menstrual cycles; it is necessary for dietary restriction to occur. 37 In a study by Loucks and Thuma, 38 BMD was speculated to be solely a function of hypoestrogenism through lack of inhibition of osteoclasts, as seen in women with AN, but it is now recognized that energy deficits cause changes in the metabolic milieu such as decreasing insulin-like growth factor 1 and leptin levels and deficiencies in nutrients such as calcium that adversely affect bones, independent of menstrual status. [40] [41] [42] Lending credence to this assumption are reports of weight gain having favorable effects on BMD but lack of complete recovery of BMD with oral contraceptive pills in patients with AN or exercise-induced amenorrhea. 2 Further, low BMD has been reported in athletes who have eating disorders but regular menstruation. 13 The incremental effects of low energy availability on bone health were reported in a landmark study 
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Adolescence constitutes a critical period for bone mass accrual, with 26% of adult bone mineral content acquired during the 2 years when peak height growth velocity occurs and almost all attained by the third decade of life. 51 In young amenorrheic athletes, a bone mass loss of 2% to 6% per year may occur instead of bone mass accrual, resulting in a 3-fold higher risk of stress fractures. 52 Biological potential for peak bone mass may not be reached in these individuals, even with restoration of menstrual cycles. 3, 53 A female athlete's BMD is best described as a single snapshot of her cumulative bone health at any point in time based on many interrelated variables, namely energy availability, menstrual function, and genetic influence. 54 It is important for an athlete's BMD to be charted over time, so that she is informed of her trend and can attempt to make necessary changes as deviations arise. Since the majority of peak bone mass is accrued in childhood and adolescence, it is vital that at-risk athletes be identified in an attempt to prevent chronic poor bone health. 5 In fact, it is possible for premenopausal women who become amenorrheic, oligomenorrheic, or postmenopausal to lose approximately 2% of their BMD per year.
The prevalence of low bone density in athletes also
is highly variable due to variations in definable parameters and the cost associated with diagnostic modalities. The presence of osteopenia in female athletes ranges from 22% to 50%. 55 However, female athletes in weight-bearing sports such as basketball and volleyball have a nearly 15% higher BMD than nonathletes. A recent study looking at average BMD in collegiate athletes across a number of sports found that runners had the lowest BMD of all sports investigated (Fig. 2) . 56 The protective effect of weight bearing can be Therefore, a high index of suspicion must exist on the physician's part when dealing with athletes presenting with altered eating habits/behaviors or multiple physical complaints. 5 Even in the absence of a clinical diagnosis of anorexia or bulimia, the concern regarding abnormal types of eating behaviors remains heightened as this scenario can lead to low energy availability. then the athlete must be removed from competition. 54 The first aim of therapy focuses on energy availability. Specifically, it is essential to create an "energy positive" dietary environment by increasing intake, reducing energy expenditure, or a combination of the 2. 54 This increase in energy availability then translates into increased BMD and restoration of menstrual function. 58 For example, increases in BMD of nearly 5% per year have correlated with increases in body weight in amenorrheic athletes. 55 The ACSM has outlined nutritional guidelines for athletes. 61 The recommended energy intake for sedentary women is 1,800 to 2,000 kcal/d, and an additional 500 to 1,000 kcal/d is advised for active women. 62 However, health practitioners must realize that hormone therapy (HT) and/or oral contraceptives (OC) do not address the underlying pathological mechanisms of bone formation and health. Therefore, pharmacological treatment alone will not serve to restore age-appropriate BMD. 55 
